Abstract. In this paper the class of N loop massive scalar self-energy diagrams with N + 1 propagators is studied in an arbitrary number of dimensions. As it is known these integrals cannot be expressed in terms of polylogarithms. Here it is shown, however, that they can be described by generalized hypergeometric functions of several variables, namely Laricella functions. These results represent previous small and large momentum expansions in closed form. Numerical comparisons for the finite part in four dimensions with a two-dimensional integral representation show good agreement.
Introduction
The precision of the experiments testing the electroweak theory is at this moment high and will even improve in the future. For instance, the Z mass measurements could reach a precision of about 5 x 10 .5 and the forward Bhabha measurement an accuracy of 2 x 10 -4.
Ideally, one would like to have two-loop and higherorder calculations for various experimental quantities. One then faces the problem of evaluating two-loop diagrams with massive propagators, where several combinations of different masses can arise. Even at the simplest level, i.e. that of scalar two-loop self-energy diagrams, one encounters a serious problem: when no masses vanish the integrals are certainly not expressible in terms of known functions such as polylogarithms. It can be shown that the diagrams in which three particle cuts arise, with all particles massive, lead to the above problem. To circumvent it two approaches have been followed in the literature.
One of them is to find expansions of the self-energy diagrams in terms of powers and possibly logarithms in [-3] for the convergent scalar self-energy diagram with two loops and five propagators, the so-called master diagram. This method has now been extended [4] to the finite parts of all two-loop scalar self-energy diagrams, which are in general divergent. The numerical integration can be carried out. Where analytical results and series expansions exist good agreement is obtained.
This paper aims at enlarging the analytical knowledge of the scalar diagrams in those cases where known functions like polylogarithms cannot represent the result anymore. Since this phenomenon is related to the massive three particle cut, the problem in its simplest form arises in the two-loop self-energy diagram with three massive propagators ( Fig. 1) .
In this so-called London transport diagram the only way to cut the diagram results in a three-particle cut. It will be shown that an evaluation of this diagram in D dimensions is possible leading to a number of series, in fact triple series in variables which are ratios of the three masses of p2. The series turn out to belong to a special class of generalized hypergeometric series, which has been studied in the mathematical literature. These are the Lauricella functions Fc for which quite some mathematical apparatus is known, like convergence properties and a few analytic continuation formulae. Although the results are of course not expressible in polylogarithms they are at least expressible in this known type of functions which is a significant improvement on previous results. The finite parts in four dimensions are series which are easily evaluated numerically with adequate precision.
In a sense, the results of this paper provide an explicit formula for the coefficients of the large and small p2 From the way the London transport diagram is evaluated, it will become clear that the N-loop generalization of this diagram can easily be derived. Those diagrams will arise in gauge theories from a reduction of tensor integrals to scalar ones. One again finds a sum of Lauricella functions which now depend on N + 1 variables since there are N+ 1 ratios between the N + 1 masses and p2. Also the generalization to arbitrary powers of the propagators is easily obtained. The latter are relevant for the analytic regularization scheme. Integer powers sometimes occur directly in certain multi-loop diagrams.
The outline of the paper is as follows. Section 2 describes two methods to obtain results for massive diagrams, the x-space method and the Mellin-Barnes representation. The small p2 result for the two-loop London transport diagram is derived. The next section summarizes the large p2 result for two loops, the N loop formulae and the case of arbitrary powers of the propagators in the two-loop diagram. Section 4 derives the results near D = 4 and presents numerical comparisons with a two-dimensional integration of the finite part of the diagram. In the particular case of the London transport diagram one can even derive a one-dimensional integral representation, which is also given and applied in this section. The last section closes the paper with concluding remarks.
Method
In this section two techniques are briefly described with which the N-loop massive Feynman diagrams will be evaluated. One method uses x-space techniques for massive propagators. The details can be found in [5] . The second method uses the Mellin-Barnes representation for a massive propagator. In this way, massive diagrams can be related to integrals over massless diagrams, where the propagators are raised to an arbitrary power. This technique has been advocated in [6] and already applied to two-loop integrals in [1, 7] . The method will be illustrated for the two-loop self-energy diagram with three propagators. The generalization of this diagram, i.e. two vertices, N+ 1 propagators, N-loops, can be treated in the same way.
For the notation we shall follow the conventions of [8] , which means that for every D dimensional loop integration a bracket is introduced dDq (...)
where # is an arbitrary mass. In this way the one-loop self-energy diagram will be denoted by Ta2(P 2, rn2, m2) = (k z 2 2 2 , (2) -ml)(k2 --m2) whereas the two-loop self-energy diagrams reads 
In order to present the x-space formalism one uses Euclidean momenta ki as integration variables and p2 is considered to be spacelike and q2= _p2. 
where x is the radial part of the D dimensional x. At this point it should be noted that the N loop case has N + 1
